Object. Treatment for insular (paralimbic) gliomas is controversial. In this report the authors summarize their experience with microsurgical resection of insular tumors.
T he insula of Reil overlies the basal ganglia block and is located deep to the sylvian fissure and the frontal, parietal, and temporal opercula. Prominent subcortical fiber bundles, including the uncinate and the arcuate fascicle, connect the insula to the frontoorbital and temporopolar and temporomesial regions. The insular mesocortex probably serves as a relay between neocortical areas and the phylogenetically older allocortical parts of the limbic system. Hence, the insula, the frontoorbital and the temporopolar cortices, and their white matter connections have also been referred to as the paralimbic system. 32, 33 The paralimbic system and more specifically the insula have been shown to play an important role in the processing of various sensory stimuli and in the control of various autonomic and emotional functions, but also some cognitive, motor, and particularly languageplanning, functions. 6, 25 Intrinsic tumors of the insula are not infrequently encountered in neurosurgical practice. The insula appears to be a preferential site for the growth of low-grade gliomas. 7 Insular gliomas typically grow into the overlying opercula and along the frontotemporal fiber tracts into the temporal and/or frontal lobe ('paralimbic tumors'). Temporal tumor growth will eventually involve the temporomesial structures, that is, the limbic system (Yaşargil Type 5B tumors). Insular tumors tend to respect the basal ganglia until late in their course. 33 Optimal treatment for insular tumors remains controversial. Pioneering work by Yaşargil and colleagues 32, 33 was followed by several reports from different groups that showed that resecting insular gliomas is possible with substantial but acceptable complication rates. [8] [9] [10] [11] [12] 18, 30, 34 Tumors can usually be safely removed up to the level of the first lenticulostriate artery. If surgery is taken more medially, this may result in damage to perforating vessels and in subcortical ischemias. 8, 18, 32, 33 The superior and the inferior M 2 trunks of the middle cerebral artery course over the insular surface in the sylvian cistern and can be engulfed by tumors growing in this region, putting them at risk during insular tumor surgery. Small branches originating from the M 2 segment provide the blood supply of the insula and insular tumors. The majority of the insular arteries will penetrate no deeper than the claustrum and can therefore be sacrificed during surgery. However, there are a few vessels, usually originating from the more posterior M 2 branches, that also supply parts of the internal capsule. 18, 27 Damage to these long perforating vessels is a prominent cause of postoperative (hemimotor) deficits. 18, 21 Surgery for intrinsic brain tumors will quickly relieve neurological signs and symptoms related to the lesion's mass effect. The oncological benefits of resective surgery for gliomas are less well delineated. A recent prospective randomized study of the use of intraoperative fluorescence as an adjunct to surgery for glioblastomas provided strong evidence that complete versus incomplete removal of the contrast-enhancing tumor will substantially improve survival. 26 A large body of retrospective data and also some prospective analyses support resections of lowgrade gliomas.
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The potential benefits of a tumor resection need to be balanced against the risk of incurring a new postoperative deficit. A significant new deficit will have an adverse impact on the patient's quality of life, which may well outweigh any prolongation of survival. In addition, the postoperative performance status is a powerful prognostic factor itself; iatrogenic worsening of the functional status may not only diminish the patient's quality of life, but also his or her survival. This latter issue is of particular importance with respect to surgery for tumors located in or close to eloquent brain structures. Consequently, a conservative approach to the treatment of insular tumors, that is, obtaining a tissue diagnosis followed by radiation treatment or chemotherapy, as indicated by the tumor's histological features, has been recommended by some authors. 16, 20, 24 Few follow-up data after surgery for insular tumors have been published to date. What is the overall prognosis for a particular patient? What is the functional prognosis? Of note, such information is essential if one attempts to arrive at individualized treatment recommendations. Following an analysis of our initial experience with insular gliomas, 34 surgery has been systematically recommended at our institution for insular gliomas, with the exception of most glioblastomas. For the present paper, we reviewed our experience with a series of 101 operations in 94 patients performed between 1995 and 2005, that is, after the period covered in the paper by Zentner et al. 34 We contrast the surgical risks and complications with the functional outcomes and survival. We also provide a detailed analysis of prognostic factors. Our data confirm that surgery for insular tumors carries considerable risks. However, complication rates do not compare unfavorably to large unselected craniotomy series, 1, 4 and in particular to the results of alternative treatment strategies. The overall prognosis is often surprisingly good. Together, these results suggest microsurgery as a good therapeutic option, if not the primary treatment, for many if not most patients with insular tumors.
Methods

Patient Identification and Demographic Data
Patient charts and operating notes from all patients undergoing surgery in the Department of Neurosurgery at the University of Bonn from 1995 to 2005 were searched to identify cases treated for intrinsic brain tumors growing in the insular region, that is, after the recruitment period of our initial study. 34 We excluded all patients undergoing a biopsy only (12 patients) or a subtotal resection in which the insular part of the tumor was deliberately left behind (38 patients).
This left 101 operations in 94 patients. Overall, 12 surgeries were performed for recurrent insular tumor (including 1 surgery for a second tumor recurrence and 4 surgeries in patients who underwent operation for the first time before 1995). Eight patients underwent surgery for an insular recurrence after removal of a primarily frontal or temporal glioma ('secondary insular gliomas'). Overall, there were 57 male (61%) and 37 female (39%) patients. The median age at surgery was 41.3 years (range 9-77 years), and the mean follow-up (calculated after the patient's first surgery) was 4.1 years (median 3.1 years, range 0-17.1 years). Patient age was treated as a quantitative variable or categorized (≤ 20, 21-40, 41-60, and > 60 years) as indicated.
Clinical and Radiological Data
Relevant data were collected through a chart review and telephone interviews, if necessary, and entered in a computerized data bank. The KPS scores were categorized as 100, 90-80, 70-60, and so on. Patients who were able to continue their preoperative activities without external help (corresponding to a KPS score of 80-100) were considered to have a favorable outcome. The PFS was defined by the initiation of surgery, radiotherapy, or chemotherapy for recurrent tumor. Eighty-three cases (82%) presented with epilepsy (including 12 patients with refractory epilepsy who were specifically referred to our department for surgical treatment of their symptomatic seizure disorder following a formal epileptological evaluation, and 12 patients who underwent operation following their first seizure). Preoperative focal neurological deficits (mostly aphasia or a hemiparesis) were present in 24 patients (24%).
Operating notes, preoperative MR imaging studies, and/or radiology reports were reviewed to classify the tumors according to a proposal outlined by Yaşargil and colleagues. 32, 33 Our series comprises 10 Type 3A (10%; growth restricted to the insula), 20 Type 3B (20%; insuloopercular tumors), 37 Type 5A (37%; tumor growth in the insula with prominent extension into either the frontobasal region or the temporal lobe), and 34 Type 5B tumors (34%; insular tumors with temporomesial/hippocampal involvement with or without extension into the frontal lobe). Therefore, we operated on 30 (30%) small (growth more or less confined within the anatomical boundaries of the insula; Types 3A and B) and 71 (70%) large tumors (Types 5A and B; tumors with prominent temporal or frontal lobe involvement). Substantial involvement of both the frontal and the temporal lobes ('frontoinsulotemporal' tumors) was seen in 49 cases (49%), and 40 (40%) of the tumors were located in the dominant hemisphere (Figs. 1-4) .
The degree of resection was assessed using postoperative MR imaging within the 1st week in 85 cases; after 1 week in 2 patients; using CT scans in 8 cases; and was based on the surgeon's impression in 6 cases. Tumor resections were categorized as > 90% (no or only minimal residual tumor); 90-70%; and partial (see Fig. 4 ). Assessments were based on bidimensional measurements. No routine quantitative volumetric analysis was performed. Diffusion-weighted imaging was used to distinguish between ischemic and direct injury as the cause of postoperative (motor) deficits.
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Surgical Management
During the study period, we routinely recommended a tumor resection for suspected insular gliomas if a meaningful (defined as > 70%) cytoreduction seemed feasible, if a glioblastoma was deemed unlikely, and if the patients presented with a preoperative KPS score of ≥ 60. If the imaging findings were consistent with glioblastoma histological features, patients with Yaşargil Type 3 tumors were generally advised to have a biopsy procedure only. Patients with Type 5 tumors were scheduled for partial resections, that is, a frontal and/or temporal lobar resection. These patients were not included in the present study. Selected patients were accepted for insular surgery (for example if they were young, in a good clinical condition, and/or an intermediate-grade tumor was suspected).
Three principal surgical approaches were used. 21, 22, 34 Tumors restricted to the insula were usually exposed and resected via a transsylvian approach (25%) (Figs. 1 and 4). Opercular extensions were removed through a separate transopercular route, if necessary. For large Type 5 tumors, we generally preferred to start with the removal of the temporal and/or frontal tumor component (75%). Tumor removal was sometimes facilitated by additionally opening the sylvian fissure (26%). Frontal tumor extensions were excised through a frontolateral vertical corticotomy. For tumors of the dominant hemisphere, the frontal lobe was incised well in front of the Broca area (Figs. 2 and 4). Temporal tumor was removed via a standard lobectomy including the uncus, and the hippocampal and parahippocampal gyri as necessary (Fig. 3) . We paid careful attention to removing tumor-infiltrated hippocampus, but we also worked to spare healthy hippocampal tissue to maximize the epileptological benefits of the operation and to avoid a postoperative memory deficit. Electrophysiological monitoring, including the placement of a subdural strip electrode in the region of the central sulcus for continuous MEP monitoring, was attempted in the majority of cases. We have recently described our experience with this technique in a subset of the patients included in this series (84 operations, successful monitoring in 87%). 21, 22 We did not perform awake craniotomies and we did not use intraoperative brain mapping. Intraoperative orientation was sometimes facilitated by the use of a neuronavigational system.
Tumor Histological Features
All histopathological diagnoses were made at the Department of Neuropathology/German Brain Tumor Reference Center at the University of Bonn based on the WHO criteria.
14 Histological diagnoses were as follows: 
Statistical Analysis
Commercially available software was used for statistical analysis (version 14.0, SPSS, Inc.). Univariate as well as multivariate (logistic regression) analyses were performed to study the influence of different variables on the patients' functional outcomes. Kaplan-Meier estimates were used to calculate survival rates. Secondary and recurrent insular gliomas were excluded from the survival analysis. Differences were analyzed for statistical significance by using the log-rank test (univariate analysis). For multivariate analysis, prognostic factors were analyzed using a Cox proportional hazards method.
Results
Extent of Resection
Removal of > 90% of the tumor mass was achieved in 42% of cases (Fig. 4 lower) , and > 70% resections were accomplished in a further 51% of cases. Partial resections (< 70% of the tumor mass) were performed in 7% of cases (Fig. 4 upper) . More extensive resections were more often performed in younger patients (p = 0.023), in patients with a higher preoperative KPS score (p = 0.010), and for Yaşargil Type 3 versus Type 5 (that is, for small 
Surgical Complications
Complication rates are presented in detail in Table 1 . 29 A new or worsened permanent hemiparesis was seen after 12 (13%) of 96 operations (including 3 surgeries in patients with a preexisting motor deficit), but remained significant (that is, interfered significantly with the daily activities of living as evidenced by a KPS Score < 80) in only 9 (9%) of 96. The present series differs from the cohort reported in a recent publication from our group. 21 For the present analysis, we excluded 5 cases treated surgically before 1995 and included 22 patients who underwent surgery without electrophysiological monitoring. Permanent motor deficits occurring after these latter operations account for the higher hemiparesis rate in the present cohort when compared with the data detailed by Neuloh et al. 21 New (motor) deficits were usually due to ischemia caused by small-vessel compromise rather than direct injury of white matter tracts, as evidenced by postoperative diffusion-weighted imaging investigations. 21 A new or worsened dysphasia was observed after 5 (13%) of 39 surgeries for tumors of the dominant hemisphere. The overall number of patients with postoperative deficits did not differ significantly between the groups with surgery for tumors of the dominant versus nondominant hemisphere.
There was a trend toward fewer permanent new and worsened neurological deficits in more recent years The following variables were found to correlate with the occurrence of a new or worsened neurological deficit (univariate analysis): lower preoperative KPS score (p = 0.004), increasing age (p = 0.036), and preoperative neurological deficit (p = 0.032). No correlations were seen with the choice of the surgical approach. Complication rates after surgery for secondary insular or recurrent insular tumor were generally somewhat higher; however, the overall small number of cases available for analysis (8 secondary insular gliomas and 12 recurrent insular gliomas) precluded statistical significance of these findings.
Multivariate logistic regression (variables: age, sex, preoperative KPS score, clinical presentation, histological findings, Yaşargil classification, frontal and/or temporal lobe involvement, surgery for recurrent insular tumor, surgery for tumors of the dominant vs nondominant hemisphere, degree of resection, surgery before vs during or after 2000) revealed only a low preoperative KPS score as an independent predictor of a new postoperative deficit.
Functional Outcomes
The KPS scores at discharge and at 3 months after surgery were used as measures of the functional postoperative outcome. Given the large variations in OS for different patient subsets, an assessment 3 months after surgery was deemed meaningful for all patient groups, including both patients with glioblastomas and with benign WHO Grade I growths.
At discharge, improved KPS scores were seen after 9% of operations, stable scores after 49%, and deteriorated KPS scores after 41%. At the 3-month follow-up, the mean KPS score was 79 ± 8 (median 90, range 0-100; compared with mean preoperative KPS score of 85 ± 14, median 90, range 40-100). Sixty-eight percent of patients had a KPS score of 80-100 (preoperative KPS Score 80-100 in 82%), and the KPS score was 60-70 in 25% of patients (preoperative KPS Score 60-70 in 13%). Excluding surgically related deaths, there were 10 cases with a postoperative KPS score of < 60. At 3 months, 7 patients had improved to a KPS score of 60-100. Table 2 summarizes the 3-month outcomes for various patient groups.
The following variables correlated significantly with high KPS scores 3 months after surgery (univariate analysis): high preoperative and postoperative KPS scores, younger age (p < 0.001), seizure(s) (p < 0.001), and no neurological deficit at presentation (p < 0.001). There was § Requiring hospitalization. || One patient died of a pulmonary embolus 11 days after surgery, and another died of brainstem dysfunction 8 days after resection of a recurrent insular glioma with brainstem involvement. A third patient died after uneventful surgery, possibly related to the use of a closed suction drainage, as described by Van Roost et al.
a trend for better outcomes after more extensive resection (p = 0.07). Tumor growth pattern and the choice of the surgical approach did not correlate with the 3-month KPS scores. Glioblastomas had a statistically worse outcome when compared with all other histological types (p < 0.001). Predictors of an unfavorable 3-month outcome included the occurrence of a new neurological deficit (p < 0.001). Outcomes after surgery for recurrent or secondary insular tumors were somewhat but not statistically significantly worse.
Multivariate logistic regression (variables: age, sex, preoperative KPS score, clinical presentation, histological findings, new postoperative permanent deficit, Yaşargil classification, frontal and/or temporal lobe involvement, surgery for recurrent insular tumor, surgery for tumors of the dominant vs nondominant hemisphere, degree of resection, surgery before vs during or after 2000) revealed only the incurring of a new permanent neurological deficit as an independent predictor of an unfavorable outcome (KPS Score ≤ 70 at 3 months; p = 0.001).
Epileptological Aspects
Eighty-three operations were performed in patients with seizures. Patients with glioblastomas only rarely presented with a history of seizures (p < 0.001). Temporoinsular (p = 0.02) and frontoinsulotemporal (p = 0.004) tumors were most likely to present with epilepsy. Epileptological 1-year outcomes were available in 55 cases with more than one preoperative seizure: 42 (76%) of 55 patients were free of disabling seizures (Engel Class I; that is, seizure free or with auras or simple partial seizures only; with medication [22 patients], without medication [9 patients]; medication status unknown in 11 patients). Eight patients had rare disabling seizures (Engel Class II). In 12 cases, patients presented with drug-resistant epilepsy. Epileptological outcomes were as follows: Engel Class I in 9; Class II in 2; and Class III (worthwhile improvement) in 1.
Survival Analysis
The OS varied considerably between patient subsets. Kaplan-Meier estimates of OS are shown for selected patient groups in Fig. 5 . For comparison, the median survival for patients with paralimbic tumors undergoing a subtotal resection within the study period was 11 months and for patients undergoing biopsy procedures it was 7 months only. Glioblastomas were diagnosed in 65% of these patients, the median age was 62 years (range 29-79 years), and the mean preoperative KPS score was 77 ± 19 (median 85).
The preoperative, postoperative, and 3-month KPS score; tumor histological findings; age class (≤ 20, 21-40, 41-60, > 60 years); and presentation (first seizure, several seizures, neurological deficit, other) correlated signifi- cantly with OS and PFS (Table 3) . Of note, much of the impact of the postoperative KPS score on OS and PFS was due to the difference between patients with a KPS score of 70 and worse compared with a score of 80-100. Prognosis also correlated with the degree of resection, with more extensive surgeries resulting in the relatively best OS (p = 0.006) and PFS (p = 0.023).
Because recommendations for postoperative radiation treatment and chemotherapy were prominently based on histological findings and tumor grade, adjuvant treatment was not included as a variable in the survival analysis. The intensity of adjuvant therapy (none, radiation or chemotherapy, radiotherapy and chemotherapy) did not correlate with the degree of resection; that is, the impact of the degree of resection on survival seemed independent of the effects of adjuvant radiation and chemotherapy.
Interestingly, the prognosis varied significantly with the tumor size and growth pattern. The prognosis was best for large Yaşargil Type 5A frontoinsular and Type 5A/B frontoinsulotemporal tumors (vs all others: OS, p < 0.001; PFS, p = 0.003) ( Table 3) . As a corollary, tumors approached through a frontal route (that is, with a sizable frontal lobe component) had a significantly better overall prognosis (p = 0.006).
Multivariate Cox regression analysis (variables: age, time of surgery < 2000 vs ≥ 2000, clinical presentation, histological findings, growth pattern, degree of resection, postoperative KPS score) revealed age, histological features of glioblastoma, favorable growth pattern/location, and the degree of resection as independent predictors of OS and PFS (Table 4) . 
Discussion
Treatment of insular tumors is controversial. To a considerable degree, this controversy reflects the general debate surrounding resections of gliomas in eloquent regions. What is an acceptable complication rate in view of the fact that the oncological benefits of glioma resections are not as well delineated as one would wish? Scarce follow-up data after insular tumor surgery have been published. [8] [9] [10] [11] [12] 18, 30, [32] [33] [34] In the present paper we therefore attempted to contrast survival after insular tumor surgery with the surgical risks in a large patient series.
Neurological Deficits and Functional Outcomes
Our data confirm that surgical treatment for insular gliomas carries a substantial neurological morbidity. [8] [9] [10] [11] [12] 18, 30, [32] [33] [34] However, surprisingly similar figures, that is, rates of new neurological deficits in the range of 13-26%, have been reported in various publications detailing the general risks and complications of craniotomies for unselected brain tumors in population-based series and also in tertiary centers. 1, 4 It would seem that the risks of insular surgery, if performed by experienced groups, are at least not much higher than the widely accepted complication rates in brain tumor surgery in general.
Of note, patient selection is an important factor determining functional outcomes. Relatively low complication rates and generally favorable outcomes were seen in certain patient subgroups. For example, 91% of patients ≤ 40 years of age who presented without a neurological deficit and with a WHO Grade I-III glioma had a 3-months KPS score of 80-100. Only 1 (4%) of 28 patients with a preoperative KPS score of 100 suffered a permanent postoperative neurological deficit. Permanent new or worsened postoperative deficits were seen in 15% of patients with WHO Grade I-III tumors and in 14% of patients who were neurologically intact preoperatively, but in 37% of patients with glioblastoma, and in 39% of patients who already presented with a neurological deficit.
A proper assessment of the functional outcomes after insular tumor surgery also requires some attention to the results of alternative treatment strategies. Mehrkens et al. 20 and Schätz and coworkers 23 have provided some outcome data after interstitial radiosurgery for low-grade astrocytomas of the insula. They report 24% transient radiogenic complications and an 18% complication rate at 1 year; 7% of their patients required surgery for progressive radiation necrosis. The number of patients eventually suffering a permanent deficit was not provided. The median KPS score at the time of the last follow-up was 90. Combining surgery for the temporal and frontal tumor extensions with interstitial radiosurgery for the insular tumor may result in lower complication rates in relatively large tumors (F. Kreth, personal communication, 2003) . Comparing our data to the figures reported in Mehrkens et al. and Schätz and coworkers is difficult because these authors do not detail explicit deficit rates. Also, their series includes only tumors up to a maximum diameter of 5 cm and no tumors with involvement of the temporomesial structures. We observed new or worsened permanent neurological deficits in 3 (8%) of 36 patients with WHO Grade I/II gliomas. The median KPS score at 3 months was also 90, with 89% of patients having a KPS score of 80-100.
Our experience with surgery even for selected glio- Lower: Postoperative FLAIR (axial and coronal) and T1-weighted contrast-enhanced MR imaging studies demonstrating a > 90% resection. The insular tumor was removed after a temporal lobectomy and resection of the frontal tumor extension through a separate frontal corticotomy (see Fig. 2 ). Postoperatively, there was a mild permanent hemiparesis; however, the 3-month KPS score was 90, and the patient became seizure free. Adjuvant treatment included fractionated radiotherapy and PCV (procarbazine, CCNU, and vincristine) chemotherapy. The patient died of multifocal tumor progression 113 months after the initial surgery.
blastomas has been quite disappointing, but what about the possible alternatives? Kreth et al. 15 have detailed their results of stereotactic biopsy versus resective surgery followed by radiation therapy for (lobar) glioblastomas. In the patient subgroup with a midline shift (that is, with significant mass effect) who had no cytoreductive surgery, 13 (43%) of 30 patients deteriorated during radiotherapy. All of our patients with insular glioblastoma showed a midline shift on MR imaging, and 40% of our cases, that is, a very similar number, showed a drop in the KPS scores at the 3-month follow-up. This would suggest that the alternative to surgical debulking, that is, a biopsy, will not necessarily result in better functional outcomes even in this subgroup of patients with a relatively unfavorable functional prognosis.
Nevertheless, the complication and deficit rates reported in this study as well as in others [8] [9] [10] [11] [12] 18, 30, 34 warrant improvement. Surgical experience may play a role. In the second half of the study period (2000-2005) , the hemiparesis and overall neurological deficit rates dropped to 9 and 16%, respectively. This may also be due in part to the routine use of intraoperative electrophysiological MEP monitoring. As detailed above and in Neuloh et al., 21 motor deficit rates may be considerably higher if insular surgery is attempted without monitoring. In our experience, many motor deficits are related to ischemic rather than direct injury. 21, 22 Others have used intraoperative cortical and subcortical stimulation and local anesthesia to avoid neurological deficits.
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Survival After Insular Tumor Surgery
Surgical complications and reduced KPS scores can be seen as the price that patients may have to pay to realize improved survival resulting from cytoreductive surgery. The OS and PFS after glioma surgery depends on many variables, including histological features, age, and KPS scores. The present study confirms that these findings can also be applied to insular gliomas. In addition, our results suggest a prognostic role for certain other factors as well.
Of note, the degree of resection proved an independent predictor of both OS and PFS in the Cox proportional hazards model. We observed a better survival for patients in whom a > 90% versus 70-90% resection was achieved, but much of the statistical effect was due to the relatively unfavorable prognosis of patients with a < 70% tumor resection (Fig. 5E) . We are aware of the possible selection bias involved. Nevertheless, the degree of resection is the only variable (besides the incurrence of a neurological deficit) affecting postoperative survival that can be influenced by the neurosurgeon.
The analysis of prognostic factors also produced some unexpected results. Conventional neurooncology does not pay much attention to the location and extension of diffuse supratentorial gliomas as important determinants of the patient's prognosis. However, patients in the present series with frontoinsular or frontotemporoinsular tumors (Yaşargil Type 5 tumors with growth into the frontal lobe) had a significantly better prognosis than other patients with insular glioma (Fig. 5D ). These effects proved to be independent of other prognostic parameters such as histological features. This may point to the presence of significant biological differences between tumors growing in different parts of the insular region, and it casts some doubt on the concept of insular gliomas as a single entity defined by growth in a specific functional and anatomical system.
The OS and PFS rates in our series were generally quite good. The 5-year OS and PFS for WHO Grade II gliomas were 68 and 58%, respectively. For comparison, Mehrkens and coworkers 20 reported only a 54.6% 5-year OS and a 40.7% PFS rate after interstitial radiosurgery for WHO Grade II astrocytomas and mixed gliomas. The median OS and PFS of patients with anaplastic astrocytomas (mean age 41 ± 13 years, median age 39 years) in the present series were 61 and 51 months, respectively. The 83 and 80% 5-year OS and PFS rates for anaplastic oligodendroglial tumors (mean age 41 ± 11 years, median age 41 years) are also surprising and even higher than the figures for low-grade astrocytomas (WHO Grade II; 5-year OS 57%, PFS 53%). tern. This finding casts some doubt on the concept of insular/paralimbic gliomas as a single entity. The relatively best prognosis was seen in patients harboring Yaşargil Type 5A and B tumors with substantial frontal lobe extensions. E: The OS rate versus degree of resection. More extensive resections may provide a survival advantage. The degree of resection is the only truly therapeutic variable and proved to be an independent predictor of patient survival in the multivariate Cox regression analysis. years old at the time of diagnosis) and 26% (45-54 years old at diagnosis), and for anaplastic oligodendrogliomas it was 56% (20-44 years old at diagnosis) and 46% (45-54 years old at diagnosis). The median survival and PFS of patients with anaplastic astrocytomas were only 28 and 27 months, respectively, in a recent radiochemotherapy series from our own institution. 17 In 2 recently published major randomized studies of anaplastic oligodendroglial gliomas, 2, 28 investigators reported a median survival of < 5 years in the first study and 3 years in the second one, and they reported a PFS of < 2.6 in the first and 2 years in the second study, as well as a 5-year OS rate of < 50% and a PFS rate of < 40%.
Treatment Recommendations
The prognosis for patients with glioblastomas is poor. This seriously questions aggressive surgical treatment in this patient group. Hence, insular surgery should be reserved for young patients in good clinical condition (with a better than average survival prognosis) and possibly tumors with a large frontal component. Anecdotal evidence suggests lesser motor deficits after anterior when compared with posterior insular surgery, possibly reflecting the anatomical course of the pyramidal tract and its vascular supply. Because adjuvant therapy alone for glioblastomas with mass effect will not produce acceptable functional outcomes, 15 we currently recommend debulking surgery restricted to the temporal or frontal tumor extensions in most other cases.
Patients with insular gangliogliomas, dysembryoplastic neuroepithelial tumors, and pilocytic astrocytomas are good surgical candidates despite the eloquent location of the tumors. Surgery may be curative. 19 In the present series, functional outcomes were good. This is an important subgroup, even though such patients are relatively rare, accounting for only 6% of cases in this series. All patients maintained a KPS score of 80-100 after surgery. Refractory epilepsy was common and responded well to a tumor resection (even a subtotal one). A careful MR imaging study, together with certain clinical characteristics (age < 30-40 years, epilepsy), will usually suggest the histological diagnosis preoperatively.
Most often, surgical treatment will be considered for a presumed WHO Grade II or III insular glioma in a young or middle-aged adult presenting with a first seizure or epilepsy. At the time of this writing, the surgical risks at our institution include a < 10% rate of hemiparesis and < 15% overall neurological deficit rate in patients with WHO Grade II and III gliomas. The chance for epilepsy control is ~ 80%. Survival will exceed 5 and possibly even 10 years, especially in patients with oligodendroglial tumors and Yaşargil Type 5 tumors with large frontal lobe components. The extent of resection seems to correlate with patient survival. Surgery allows for a comprehensive histological diagnosis and the institution of histologically guided adjuvant radiation and chemotherapy. Stereotactic biopsies may underestimate the histological grade of the tumors or miss an oligodendroglial component.
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We therefore believe that microsurgery is at least a good treatment option, if not the treatment of choice for these patients. However, there are factors that may warrant a more cautious approach. Age at presentation > 60 years, a preoperative neurological deficit, or a KPS score of ≤ 70 (most likely resulting in a similar if not worse postoperative KPS score) all correlate with relatively increased complication rates, adverse outcomes, and reduced OS.
Conclusions
Appropriate patient counseling and the decision to operate on an insular tumor involve a comprehensive assessment of the individual patient's postoperative function as well as prognosis quoad vitam. In the present paper we detail complications, functional outcomes, and survival in a large series of surgically treated insular tumors. We believe that our results support resection as the primary treatment for many patients with gliomas of the insula.
Disclosure
This work was supported, in part, by funding from the Deutsche Krebshilfe to Dr. Schramm (German Glioma Network, 70-3163-Wi 3). None of the authors had any financial interest in this study.
Acknowledgments
The authors thank the other surgeons at their department who 
